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The eﬀect of two extraction methods of pomegranate juice on its quality and stability was evaluated. The first method consisted
of separation of the seeds from fruits and centrifugation. The second method consisted of squeezing fruit halves with an electric
lemon squeezer. During a period of 72 hours of cold storage at 4◦C, the juices were evaluated for the presence of sugars, organic
acids, and anthocyanins. Delphinidin 3-glucoside was identified to be the major anthocyanin present at the level of 45–69mg/L.
Among the organic acids, oxalic and tartaric acids dominated. The major sugars detected in pomegranate juice were glucose and
sucrose. No significant diﬀerences in the content of sugars, organic acids, or anthocyanins in juices obtained through application of
the two diﬀerent extraction methods were detected, with the exception of the drastic decrease of cyanidin 3, 5-diglucoside level in
juice obtained by seed centrifugation. The pH did not show diﬀerences between treatments. Titrable acidity and the level of sugars
expressed as ◦Brix decreased after 32 and 15 hours after extraction, respectively, when juice was obtained by centrifuging the seeds.
INTRODUCTION
Phenolic compounds are important components of
many fruits, vegetables, and beverages contributing to
their colour and sensory properties. Epidemiological
studies have demonstrated that the composition of
phenol-rich food retards the progression of arteriosclero-
sis and reduces the incidence of heart diseases by prevent-
ing the oxidative stress, that is, lipid peroxidation in arte-
rial macrophages and in lipoproteins [1, 2]. More recently,
some authors reported that anthocyanins decreased cad-
mium accumulation in liver and kidney, the concentra-
tion of bilirubin and urea in blood serum, and aspartate
aminotransferase and alanine aminotransferase activities
[3].
Pomegranate juice is an important source of phe-
nolic compounds, with anthocyanins being one of the
most important, especially the 3-glucosides and 3, 5-
diglucosides of delphinidin, cyanidin, and pelargonidin
[4]. These components along with gallagyl-type tannins,
ellagic acid derivatives, and other hydrolysable tannins
could contribute in some way to the antioxidant activity
of pomegranate juice [2].
“Assaria” pomegranate is a Portuguese variety culti-
vated in the southern region of the country. Its edible
seeds are a favourite snack due to sweet taste and tender-
ness, and its fruits are mainly used for direct consump-
tion. However, they could also be used for production
of fruit juices or production of processed products such
as jams, jellies, syrups, or carbonated beverages [5]. At
present the damaged fruits, with cracks, cuts, or bruises in
the husk, are discarded. Their application for the produc-
tion of processed food products could improve the eco-
nomic yield of this crop.
The composition of pomegranate juice depends on
cultivar type, environmental and postharvest factors, and
storage and processing factors [2, 6, 7, 8, 9, 10].
Although Assaria pomegranate is themain Portuguese
variety, the composition of its juice is not yet well studied.
The objective of our research is to evaluate the composi-
tion of the Assaria pomegranate juices obtained using two
diﬀerent extraction methods and their eﬀect on the juice
quality during storage over 72 hours at 4◦C.
MATERIALS ANDMETHODS
Fruits and treatments
Sweet pomegranates (Punica granatum cv Assaria)
were harvested in a commercial orchard in eastern Al-
garve. Fruits were transported on the same day to the lab-
oratory at the University of Algarve. The damaged fruits
were removed and the healthy fruits of uniform size and
appearance were washed and randomly distributed into
groups of 10 fruits for juice extraction.
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To obtain juice, two extraction methods were applied.
The first method consisted of manually peeling the fruits,
separating the seeds, and extracting the juice by a Phillips
Electric juice centrifuge. In the secondmethod, fruits were
cut in two halves and the juice was immediately extracted
using a Phillips Electric lemon squeezer. Each extraction
was replicated 4 times.
The obtained juices were immediately stored at 4◦C in
the dark. Samples were collected at 0, 5, 15, 32, 48, and 72
hours after extraction. At each sampling point, the juices
were analysed for ◦Brix (which is a percentage by weight
of sugar in a solution at room temperature), pH, titra-
ble acidity, anthocyanins, sugars, and organic acids. The
changes in colour were monitored according to the Mun-
sell Colour Chart [11].
Standards and reagents
Delphinidin 3, 5-diglucoside (Dp3, 5), delphinidin
3-glucoside (Dp3), cyanidin 3, 5-diglucoside (Cy3, 5),
cyanidin 3-glucoside (Cy3), pelargonidin 3, 5-diglucoside
(Pg3, 5), and pelargonidin 3-glucoside (Pg3) standards
were purchased from Apin Chemicals Ltd, UK. Methanol
(HPLC gradient grade) was purchased from Sigma-
Aldrich Quimica, SA (Spain). Formic, oxalic, tartaric,
pyruvic, malic, ascorbic, maleic, citric, fumaric, and sul-
phuric acids glucose, and fructose were purchased from
Riedel-de-Hae¨n (Germany). The ultrapure water was pu-
rified with the MilliQ system, from Millipore, USA.
Titrable acidity, pH, and ◦Brix
Titrable acidity was calculated as percentage of citric
acid by titrating 10mL of the pomegranate juice with a
solution of NaOH (0.1N) till pH 8.1. The pH was mea-
sured by a pH meter (Crison micropH 2001—Crison In-
struments, SA (Spain)). The level of sugars was measured
as ◦Brix by a digital refractometer, model PRI-Atago Co
LTD (Japan).
Anthocyanins
The juice sample (1mL) was centrifuged for 2minutes
at 10 000 rpm and filtered through a 0.45 µm filter (Milli-
pore). The identification of anthocyanins was performed
by HPLC with a System Gold Programmable Detector
Module 166-UV-Vis (Beckman Coulter, USA), using a
LiChroCART 100 RP-18 column (25 cm×0.4 cm i.d.; 5 µm
particle size; Merck (Germany)). The mobile phase was
5% formic acid (A) and methanol (B) in a linear gradient
from 15% to 35% B at 15 minutes, followed by isocratic
run until 20 minutes. The flow rate was 1mL/min. Chro-
matograms were recorded at absorbance of 510 nm. The
diﬀerent anthocyanins were identified by comparison
of their retention times with those of pure standards.
The concentrations of anthocyanins were calculated from
standard curves of Dp3, 5, Dp3, Cy3, 5, Cy3, Pg3, 5, and
Pg3, at four concentrations (0.01, 0.02, 0.04, 0.08mg/L).
Injection volume was 20 µL using an injector with a 20 µL
loop (Rheodyne, USA).
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Figure 1. Evolution of concentration of anthocyanins present
in the pomegranate juice obtained by seed centrifugation and
stored for 72 hours at 4◦C. Bars represent standard deviation of
4 replications.
Sugars and organic acids
To determine the content of sugars and organic acids
in juice, samples (1mL) were centrifuged for 20 minutes
at 13 000 rpm and filtered through a 0.45 µm filter (Milli-
pore). The composition of sugars and acids was detected
with an HPLC (Beckman) equipped with a Jasco (Japan)
refractive index (RI) 1530 detector. The column Polyspher
OA HY (30 cm × 0.65 cm i.d.; 9 µm particle size) from
Merck was used at 35◦C. The mobile phase consisted of
0.0025N H2SO4 applied at a flow rate of 0.4mL/min. The
injection volume was 20 µL using an injector with a 20 µL
loop (Rheodyne). The diﬀerent sugars and organic acids
were identified by comparison of their retention times
with those of pure standards. The concentrations of these
compounds were calculated from standard curves of the
respective sugars and organic acids.
RESULTS ANDDISCUSSION
The levels of major anthocyanins detected in pome-
granate juices obtained through two diﬀerent extraction
methods, centrifugation of seeds or squeezing of fruit
halves with an electric lemon squeezer, and stored at 4◦C
over 72 hours are presented in Figures 1 and 2. No signif-
icant diﬀerences in the composition of anthocyanins were
detected among the treatments. In both cases, the main
anthocyanin was Dp3, followed by Dp3, 5, Cy3, 5, and
Cy3. Pg3, 5 and Pg3 were present in the lowest amounts.
The anthocyanins detected in our analysis of the Assaria
pomegranate juices were as identified in other cultivars
[12]; however, concentrations of the individual pigments
diﬀered.
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Figure 2. Evolution of concentration of anthocyanins present in
the pomegranate juice obtained by squeezing of fruit halves with
an electric lemon squeezer and stored for 72 hours at 4◦C. Bars
represent standard deviation of 4 replications.
Colour is one of the most important parameters when
making a sensorial evaluation of food quality. No signif-
icant diﬀerences were observed between the colours of
juices obtained through various extraction methods. At
the extraction time, the Assaria juice colour was noted as
53A, according to the Munsell Colour Chart. The juice
colour did not change during experimental time.
The bright colour of pomegranate fruit and juice is
due to anthocyanins, so their stability through juice pro-
cessing is of major importance. The anthocyanin con-
tent in both extraction methods was similar as was the
respective evolution profile over time. During the first 5
hours of storage at 4◦C, a slight increase (0.3%–4%) in the
amounts of each anthocyanin was registered, followed by
a decrease in the next ten hours and then stabilisation oc-
curred. Additionally, the fruit juice obtained by centrifu-
gation of seeds showed a pronounced decrease of Cy3, 5,
mainly after 48 hours of storage (Figure 1). It was reported
previously that in POM Wonderful pomegranate juices
the diglucoside anthocyanins were more stable than the
monoglucosides [8], therefore the high decrease of Cy3, 5
observed in our experiment was unexpected.
The main organic acids present in the pomegranate
juices were oxalic and tartaric acids, either in juices ob-
tained by seed centrifugation or by squeezing of fruit
halves, respectively (Figures 3 and 4). These results were
quite diﬀerent from those reported by others [6, 13]
for 11 Spanish pomegranate cultivars in which citric
acid was the main organic acid, sometimes followed
closely by malic acid. Oxalic and tartaric acids were
present only in small amounts. In contrast, a great vari-
ation in the organic acid composition among the Turk-
ish pomegranate cultivars has been reported [14]. Cit-
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Figure 3. Evolution of concentration of organic acids present
in the pomegranate juice obtained by seed centrifugation and
stored for 72 hours at 4◦C. Bars represent standard deviation of
4 replications.
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Figure 4. Evolution of concentration of organic acids present in
the pomegranate juice obtained by squeezing of fruit halves with
an electric lemon squeezer and stored for 72 hours at 4◦C. Bars
represent standard deviation of 4 replications.
ric and malic acids were predominant in the major-
ity of varieties, but in some cultivars large amounts of
oxalic and tartaric acids were detected. In those vari-
eties, only one had oxalic acid as the major organic
acid.
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Figure 5. Evolution of sugar concentration in the pomegranate
juice obtained by seed centrifugation and stored for 72 hours at
4◦C. Bars represent standard deviation of 4 replications.
2.5
2
1.5
1
0.5
0
0 20 40 60 80
Time (h)
Su
ga
r
co
n
ce
n
tr
at
io
n
(g
/L
)
Fructose
Glucose
Figure 6. Evolution of sugar concentration in the pomegranate
juice obtained by the squeezing of fruit halves with an electric
lemon squeezer and stored for 72 hours at 4◦C. Bars represent
standard deviation of 4 replications.
The evolution profiles of organic acids over time in
juices obtained through application of bothmethods were
quite similar, with only a few exceptions. A decrease of
each organic acid during the first 5–15 hours of cold stor-
age was observed, followed by an increase reaching the
maximal values after 32 hours of storage. At this point,
the levels of oxalic acid were of 292.9 and 271.1mg/L and
those of tartaric acids were of 228.9 and 228.0mg/L in
juices obtained by seed centrifugation and squeezing of
fruit halves, respectively. The exceptions reported above
were malic, maleic, and citric acids in the samples ob-
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Figure 7. Evolution of titrable acidity as percentage of citric
acid in the pomegranate juices obtained by centrifugation of
seeds and by the squeezing of fruit halves with an electric lemon
squeezer and stored for 72 hours at 4◦C. Bars represent standard
deviation of 4 replications.
tained by squeezing the fruits, and ascorbic acid in those
obtained through application of both methods (Figure 4).
The concentrations of malic and citric acids reached the
maximum after 15 hours of storage. The highest level of
maleic acid was observed just after juice extraction. The
ascorbic acid content remained quite stable over the whole
storage period independently of the method application.
The main carbohydrates detected in the pomegranate
juices were glucose and fructose (Figures 5 and 6).
This supports previously reported results for other
pomegranate cultivars [6]. Only traces of sucrose were
found and therefore sucrose was not considered in the
present work. The amounts of glucose and fructose were
quite similar in juices obtained through application of
both methods. A pronounced decrease of total carbohy-
drate content of about 50% was observed in juices inde-
pendently of the extraction method after 5 hours of stor-
age at 4◦C. It can be assumed that the decrease of sugar
and organic acids content during the first 15 hours of
storage occurs due to de novo synthesis of anthocyanins,
whose level increased exactly at the same time in juices
obtained through both methods.
Titrable acidity showed a clear decrease after 32 hours
of storage when juice was obtained by centrifuging the
seeds, that was less marked in the juice extracted by
squeezing fruits (Figure 7). The level of sugars measured
as ◦Brix changed over time but the main feature was the
sharp decrease after 15 hours until the end of the experi-
ment in the seed centrifugation procedure (Figure 8). This
behaviour may be related to the diﬀerent chemical com-
position of juices due to the presence of tannins as a result
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Figure 8. Evolution of ◦Brix of pomegranate juices obtained by
centrifugation of seeds and by the squeezing of fruit halves with
an electric lemon squeezer and stored for 72 hours at 4◦C. Bars
represent standard deviation of 4 replications.
of rind cell damage during fruit squeezing. The presence
of tannins is the main problem when juices are extracted
from whole fruits. As a result, a bitter taste develops that
must be corrected by industrial processing [15]. In our
experiment, according to panelist evaluation of the fresh
juices, the juice obtained by fruit squeezing showed a bit-
ter taste in comparison to the sweet taste of the juice ob-
tained by centrifuging seeds.
The pH presented a slight increase over time,
more pronounced from 5 to 15 hours after extraction
(Figure 9). There were no diﬀerences in pH related with
the method used for juice extraction. This could partially
explain the relative stability of anthocyanins found in the
juices obtained by both extraction methods.
Both methods used for pomegranate juice extraction
did not aﬀect the evaluated characteristics of juice qual-
ity; namely, the anthocyanins content, the juice colour, the
organic acids and sugars composition, as well as the pH
values. Squeezing unpeeled fruit halves is the most eco-
nomical and easy method to use. The juice obtained by
that method was more stable over time as indicated by the
titrable acidity and ◦Brix determinations. The main dis-
advantage of the squeezing method is the production of
juice with bitter taste if additional treatments are applied.
Besides, the bitterness could be overcome because the ac-
tual trend in juice production is the blending of several
fruit juices. Additionally, the use of Assaria pomegranate
in fruit juice mixtures will be beneficial for human health
in reducing the risk from oxalic acid consumption [16].
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Figure 9. Evolution of pH of pomegranate juices obtained by
centrifugation of seeds and by the squeezing of fruit halves with
an electric lemon squeezer and stored for 72 hours at 4◦C. Bars
represent standard deviation of 4 replications.
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